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Figure 2. Reproducibility of fracure patterns in the pilot work.
Two days later, those fragments were subjected to chondrocyte
viability analysis using the ﬂuorescence live/dead assay, using a
confocal laser-scanning microscope system. For each joint, scans
were executed at several sites near fracture edges, as well as
centrally in non-fracture areas. Chondrocytes in the superﬁcial
zone (within 100-150 microns from the surface) were scanned,
and site-speciﬁc cell deaths rates were computed.
Results: In both fracture-impacted joints, appreciable chondro-
cyte death (cell death rate >25%) was identiﬁed only near
fracture edges (Figure 3A). The cell death rate at near-edge
sites (21.9±14.1%), although variable across specimens/locations
(range 0.6 to 45.2%), was signiﬁcantly higher than at central non-
fracture sites (3.4±5.7%, p=0.001). In the non-impact osteotomy
joints, by contrast, very little chondrocyte death was identiﬁed
at either near-edge (Figure 3B) or central sites (1.0±1.2% and
1.8±2.9%, respectively).
Figure 3. Confocal scanning images at an impaction fracture edge (A) and at an
osteotomy edge (B). Cells stained green are alive, while those stained red are
dead.
Conclusions: The cell death spatial distribution patterns in the
impacted fracture fragments, concentrated near fracture edges,
were analogous to those in human clinical IAFs (Kim et al., OA
& Cartilage 2002; Hembree et al., JBJS-Br 2007). The striking
difference in chondrocyte viability with respect to non-impact os-
teotomy fragments suggests that the acute mechanical damage
to cartilage associated with the impaction fracture insult was very
different from that with non-impact “fracture” simulation by os-
teotomy. This new fracture insult technique appears to have the
potential to replicate the cell-level pathology of human IAFs in a
large animal survival model.
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Purpose: Despite advances in surgical technique and ﬁxation
devices, a pressing clinical demand exists for new strategies
for repairing the knee meniscus. Appropriate animal models are
required to test engineered construct safety and efﬁcacy in the
context of the demanding loadbearing environment of native tissue.
Ovine models are particularly useful, as their menisci are closer
in size to that of human beings and show similar loading patterns.
However, current open surgical approaches to ovine menisci do
not provide full access and visualization of the red-white and white
zone in the posterior horn, the most clinically relevant portion of
the medial meniscus. The purpose of this in vivo pilot study was
to evaluate a new surgical approach allowing for improved access
to the posterior horn of the medial meniscus.
Methods: Under general anesthesia, the medial compartment
was accessed via a lateral parapatellar arthrotomy subluxating the
patella medially. A medial femoral condyle osteotomy was planned
as a vertical cut starting directly medial to the femoral origin of
the caudal cruciate ligament aiming to the medial transition of
the femoral diaphysis and metaphysis. The osteotomized femoral
condyle was then reﬂected to reveal the medial meniscus in its
entirety. The osteotomy was anatomically reduced and repaired
with two 4.5mm cortical bone screws placed in lag fashion. A teno-
tomy of the common calcanean tendon was performed about 3 cm
proximal to the calcaneus to obtain temporary non-weight bearing
in the operated limb. Animals were conﬁned until weight bearing.
During that period they obtained three times daily physiotherapy
of passive range of motion. Pre-, postoperative and endterm ra-
diographs were obtained. Animals were euthanized at 6 months
and both stiﬂes were grossly examined, followed by histological,
biochemical and mechanical analyses of medial tibial plateau and
histological analysis of the medial meniscus. Contralateral limbs
were used as controls.
Results: The medial femoral condyle osteotomy consistently of-
fered full access to the medial meniscus and allowed for excellent
visualization of the pars intermedia and pars posterior. Animals
had uneventful recoveries and did not bear weight on the oper-
ated limb for 5-6 weeks postoperative while tolerating physiother-
apy well. Gross visualization of the articular surfaces showed no
marked change in cartilage appearance in operated or contralat-
eral limbs. Histopathology of the medial menisci demonstrated
mild decrease in proteoglycan content, but this was not signiﬁcant.
Histological analysis of the articular cartilage of the tibial plateau
revealed no adverse changes in cartilage structure or differences
in intensity of collagen or proteoglycan staining between groups.
Biochemical analysis of proteoglycan content showed no signiﬁ-
cant changes between operated limbs and contralateral controls.
Conclusions: Although preclinical models replicate some of the
features of the disease process modeled, they invariably fail to re-
produce the complexity of the degenerative disorder. The current
study is an attempt to create a relevant animal model to study
regenerative repair in the posterior horn of the medial menis-
cus for the human patient. Using a medial femoral condylotomy
greatly improves surgical access to the meniscus without injuring
associated soft tissue structures. Our ﬁndings and observations
thus far suggest that this model could greatly enhance regenera-
tive research of the knee meniscus in large animal models when
macroscopic devices need to be placed and evaluated in vivo.
